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Diarrhea is a prevalent disease around the world. 
Only in 2015, it was responsible for more than 
1.3 million deaths in the world and its burden 
was estimated to be 71.59 million Disability Ad-
Abstract 
Background: Diarrhea is a major cause of public health burden, especially in children under 5 yr of age. This 
study aimed at estimating the incidence, mortality, burden, and geographical distribution of Acute Watery Diar-
rhea (AWD) in Iran from 2009 to 2016.  
Methods: This study was conducted in 2018. The data on the incidence and mortality from 2009 to 2016 was 
obtained from AWD surveillance system of the Centre for Communicable Diseases Control (CCDC), Ministry 
of Health and Medical Education (MOHME) of Iran. Disability Adjusted Life Years (DALYs) was used to 
estimate the burden of AWD. The DALYs-related AWD was calculated using a method developed by WHO. 
The average duration of the disease and its disability weight, respectively, were set at 5 d (0.0137 years) and 
0.093 for all age groups.  
Results: The incidence of AWD had an ascending trend over the studied period. Forty cases of deaths from 
AWD were reported. The lowest and highest burdens of AWD, respectively, were 436.1 DALYs in 2010 and 
975.9 DALYs in 2015. The incidence and burden of AWD did not have an equal distribution across the coun-
try, between the provinces.  
Conclusion: The incidence of AWD had an ascending trend over the studied period that can be attributed to 
the improvements in the disease surveillance system. Moreover, the incidence, mortality, and burden of AWD 
did not have an equal distribution in Iran. Hence, it is recommended to strengthen AWD surveillance system. 
In addition, it is suggested to adopt proper interventions for controlling the disease in areas with a high burden 
of AWD.  
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justed Life Years (DALYs) (1). A significant pro-
portion of diarrheal diseases can be prevented by 
providing safe drinking water and personal hy-
giene. A high burden of the disease is observed in 
low-income countries and among poor popula-
tions who are suffering from the lack of access to 
safe drinking water, unsafe food, and inappropri-
ate hygiene (2-4). Currently, about 1.1 billion 
people do not have access to safe drinking water 
and almost 2.4 billion people are deprived of 
basic sanitation in the world (5).   
The measures adopted during the last three dec-
ades to prevent and treat diarrhea have dramati-
cally reduced its incidence and mortality. Its inci-
dence had decreased by 20.8% among all age 
groups and by 34.3% among <5-yr-old children 
from 2005 to 2015 (1). However, it is still one of 
the most serious preventable diseases and the 
second leading cause of death among children 
under 5 year of age in the world (6). In 2015, 
under-five mortality rate due to diarrhea was 74.3 
(74.1 in males and 74.5 in females) per 100000 
population (1).  
From the clinical perspective, diarrhea is divided 
into three categories; acute watery diarrhea, acute 
bloody diarrhea, and persistent diarrhea. Accord-
ing to the WHO “Acute Watery Diarrhea (AWD) 
is defined as the passage of three or more loose 
or liquid stools per day (or more frequent passage 
than is normal for the individual) which lasts sev-
eral hours or days, and includes cholera (7)”. 
Moreover, the incidence of this disease is one of 
the criteria for the assessment of water and sew-
age status (7, 8). The prevalence of AWD is high-
er than the prevalence of other types of diarrhea 
while it is avoidable, hence, it is necessary to pay 
more attention to this disease. Thus, it is recom-
mended to establish and strengthen a surveillance 
system for monitoring and continuous assess-
ment of AWD.  
Studying the epidemiological status of AWD and 
estimating its burden can help to monitor its 
morbidity and mortality rates. In addition, esti-
mating the burden of diarrhea will pave the way 
for reaching the third goal of the Sustainable De-
velopment Goals (SDGs) (Ensure healthy lives 
and promote well-being for all at all ages) (9, 10). 
DALYs is an index developed for calculating the 
burden of diseases (11, 12). Estimating the bur-
den of diseases is a very practical tool for allocat-
ing health resources, setting goals for high priori-
ty areas, and assessing the effectiveness of health 
interventions (13).  
In line with this, to our knowledge, this is the 
first national study that aimed at estimating the 
burden of AWD at national and provincial levels 




This study was conducted in 2018. The data on 
the incidence and mortality from 2009 to 2016 
was obtained from the AWD surveillance system 
of the Centre for Communicable Diseases Con-
trol (CCDC), Ministry of Health and Medical 
Education (MOHME) of Iran. 
DALYs was used to estimate the burden of 
AWD. The AWD-related DALYs was calculated 
using a method developed by the WHO for as-
sessing the Global Burden of Disease. It is calcu-
lated by adding the Years of Life Lost (YLLs) 
due to premature death to the Years Lived with 
Disability (YLDs) (12). 
 DALY= YLL+ YLD 
YLL is the number of deaths (N) multiplied by 
Iranian life expectancy at the age of death in 
years. 
YLL=N × L 
In this study, YLD is the number of incidences 
(I) multiplied by the average duration of the dis-
ease until remission or death (D) multiplied by 
disability weight (DW). 
YLD= I ×DW × D 
We did not apply age weight in calculations; 
however, a discount rate of 0.03 was applied for 
discounting health values in future years (12). For 
each age group, the mean age of that group was 
considered as mortality age for patients who died 
from acute watery diarrhea. However, the average 
mortality age for 0-1 and 1-5 age groups was set 
at 0.1 and 2.6, respectively. Life expectancy left 
for each age group was calculated using life tables 
of Iranians reported by the WHO (11). The aver-
age duration of the disease and its disability 
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weight, respectively, were set at 5 d (0.0137 years) 
and 0.093 for all the age groups. The data on the 
population of the country and its provinces dur-
ing the studied period was obtained from the Sta-
tistical Center of Iran (14). The collected data 




Based on the data extracted from the AWD sur-
veillance system, the incidence of AWD varied 
from 40 cases per 10000 population in 2009 to 
58.8 cases per 10000 population in 2015, indicat-
ing an increasing trend for this disease (Table 1). 
Over the studied period, 40 cases of deaths from 
AWD were reported. Its DALYs varied from 
436.1 in 2010 to 975.9 in 2015 (Table 1). Figure 1 
presents the trend of the incidence of AWD by 
sex. Figure 2 presents the burden of AWD be-
tween 2009 and 2016. The figure has many fluc-
tuations due to changes in the number of deaths 
over the studied period.  
 




















Rate per 100000 
population 
2016 437804 55.2 1 0.013 29.8 557.6 587.4 0.74 
2015 461937 58.8 13 0.165 387.5 591.4 975.9 1.24 
2014 354367 45.5 2 0.026 59.8 451.3 511.1 0.66 
2013 366447 47.6 9 0.117 268.8 466.8 735.6 0.96 
2012 378465 49.8 0 0.000 0 484.0 482.0 0.63 
2011 395942 52.7 12 0.160 357.7 504.3 862.0 1.15 
2010 340202 45.9 1 0.013 29.8 406.3 436.1 0.59 
2009 322686 44.0 2 0.027 59.8 411.0 470.8 0.64 
*AWD: acute watery diarrhea / **YLL: Years of Life Lost (YLL) due to premature death 








Fig. 2: Trend of changes in the burden of AWD by sex per 100000 population during 2009-2016 
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Figure 3 shows the share of YLL and YLD in the 
total DALYs caused by AWD over the studied 
years. In all the studied years, the share of YLD 
was more than that of YLL. Table 2 and Fig. 4-6 
present the burden of AWD by province in 2011, 
2013, and 2015. In 2011, the highest burden of 
AWD was observed in the provinces of Semnan, 
South Khorasan and Gilan, while Markazi, Char 
Mahaal and Bakhtiari, and Khorasan South had 
the lowest burden of the disease (Fig.4). In 2013, 
Sistan and Baluchistan, Kerman, and Bushehr 
had the highest burden of AWD, while Markazi, 
Qom, and Tehran had the lowest burden of the 
disease (Fig.5). In 2015, West Azerbaijan, South 
Khorasan, and Khuzestan had the highest burden 
of AWD; on the other hand, the lowest burden 
of the disease was observed in Khorasan Razavi, 




Fig. 3: Share of YLL and YLD in the burden of AWD during 2009-2016 
 
Table 2: Burden of AWD (DALYs per 100000 population) in different provinces of Iran in 2011, 2013, and 2015 
 
Province 2011 2013 2015 
Ardabil 0.9 0.8 0.5 
Esfahan 0.4 0.5 0.6 
Alborz 3.6 0.9 0.7 
Ilam 0.5 0.6 0.7 
Azerbaijan, East 0.4 0.3 0.4 
Azerbaijan, West 0.8 0.8 11.0 
Bushehr 2.8 2.1 1.2 
Tehran 1.2 0.2 0.2 
Char Mahaal and Bakhtiari 0.3 0.2 0.4 
Khorasan, South 5.3 1.0 2.5 
Khorasan, Razavi 0.3 0.3 0.1 
Khorasan, North 0.3 0.3 0.2 
Khuzestan 1.0 0.7 2.4 
Zanjan 1.6 0.9 1.5 
Semnan 5.9 1.2 1.2 
Sistan and Baluchistan 2.0 9.0 2.1 
Fars 0.4 1.2 0.4 
Ghazvin 1.4 1.1 1.6 
Ghom 0.4 0.1 0.2 
Kurdistan 0.5 0.5 0.4 
Kerman 1.8 3.3 2.0 
Kermanshah 0.5 0.4 0.4 
Kohgiluyeh and Boyer-Ahmad 0.9 0.8 0.5 
Golestan 1.1 0.4 0.2 
Gilan 4.7 0.8 0.8 
Lorestan 1.2 1.1 0.7 
Mazandaran 0.3 0.4 0.4 
Markazi 0.2 0.1 0.1 
Hormozgan 1.3 1.2 1.3 
Hamadan 1.0 1.2 2.4 
Yazd 0.5 0.5 0.3 
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Fig. 4: Geographical distribution of the burden of 




Fig. 5: Geographical distribution of the burden of 
AWD by DALYs/100000 in Iran's provinces in 2013 
 
 




To our knowledge, this is the first study in Iran 
that aimed at estimating the incidence, mortality, 
and burden of AWD.  
Based on the findings of this study, achieved on 
the basis of data obtained from AWD surveil-
lance system of the Center for Disease Control, 
the estimated total DALYs per 100,000 popula-
tion changed from 0.64 in 2009 to 0.74 in 2016. 
And the largest share of DALYs was attributed 
to YLL.  
In our study, the burden of AWD changed from 
436.1 to 975.9 DALYs over the studied period. 
Based on the GBD 2015 report, diarrhea-related 
DALYs in Iran, Turkey, Afghanistan, Pakistan, 
and Iraq were 73826, 69082, 589646, 4115746, 
and 164043 DALYs, respectively (1). DALYs 
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observed in Iran is much higher than the values 
observed in our study. The difference might be 
attributed to the fact that all types of diarrhea 
were considered when calculating DALYs in the 
GBD study, while in our study, only AWD was 
considered when calculating DALYs. 
Although the number of cases with diarrhea has 
dramatically reduced within the last three decades 
worldwide, it is still one of the most serious pre-
ventable diseases that threaten the life of poor 
population, especially in developing countries (1). 
3.25% of the global burden of diseases in the 
world is still attributed to diarrhea (15). 
DALYs calculated for this disease in Iran is less 
than the expected value and it has had an increas-
ing trend over the studied years. The low burden 
of AWD in Iran is probably due to the underre-
porting of this disease; in addition, the increasing 
trend over this period is probably due to im-
provement in the disease surveillance system. 
Many of the patients refer to private clinics, in 
which the reporting system is very weak. Since 
the sensitivity of the disease surveillance system 
has not been measured in Iran so far, estimating 
the actual burden of diarrhea is difficult and, of 
course, can be a good topic for future studies. 
The increase in the number of reported cases of 
diarrhea in Iran is similar to the trend observed in 
the world, also attributed to the improvement in 
the surveillance system. In Laos, the number of 
cases with diarrhea increased from 21.5 cases per 
10000 population in 2009 to 47.6 cases per 10000 
population in 2012 (16). 
Based on the findings of our study, the incidence 
of AWD in males and females was the same. 
However, it is not in line with the findings of 
studies carried out in Laos and Indonesia, which 
reported higher incidence rates among males (16, 
17). Forty deaths from AWD were reported in 
our study. The highest and lowest number of 
deaths, respectively, were observed in 2015 with 
13 deaths (0.165 per million population) and year 
2012 with zero death. About 89.5 million cases of 
acute diarrhea with an estimated annual mortality 
of 1.45 million were observed in the world in 
2010 (18, 19). In Laos, 37 deaths from AWD had 
been reported between 2009 and 2012. However, 
some of the cases might have been under-
reported might have happened out of health care 
centers; accordingly, the reported value is ex-
pected to be far less than the actual number of 
deaths (16). In GBD 2015 report, the number of 
deaths from all types of diarrhea in Iran, Turkey, 
Afghanistan, Pakistan, and Iraq, respectively, was 
873 (11 per million population), 549 (7 per mil-
lion population), 6747 (207 per million popula-
tion), 55500 (294 per million population), and 
1847 (51 per million population) (1). The number 
of deaths from diarrhea in Iran is much higher 
than the number of deaths observed in our study. 
The observed difference might be attributed to 
the fact that the GBD study calculated the mor-
tality from all types of diarrhea, while our study 
only calculated the deaths from AWD (1). 
The incidence and burden of AWD were not 
equal across the country and there were differ-
ences between the provinces. Some provinces 
such as Sistan and Baluchistan, Kerman, South 
Khorasan, and Khuzestan were the main foci of 
this disease. Lack of access to safe drinking water 
and weak public health services (in comparison 
with other provinces) can be the main potential 
factors leading to such differences. In order to 
reduce the number of cases with diarrhea, it is 
necessary to improve people’s access to safe 
drinking water, promote public health and per-
sonal hygiene, promote and encourage breast-
feeding, and train people on the routes of the 
transmission of the infection (7, 9, 20).  
According to the findings of our study, the 
prevalence and burden of this disease are higher 
in more undeveloped regions of the country. This 
can be due to problems caused by underdevel-
opment in these areas. The incidence and burden 
of diarrhea vary across the world and between 
the countries; sub-Saharan Africa and East Asia 
are suffering from the highest rates of mortality 
from diarrhea (1, 7).  
The measures taken to prevent and treat diarrhea 
may face some challenges due to socio-economic 
barriers such as the lack of access to health and 
sanitation services, lack of access to safe drinking 
water, lack of training, and improper nutrition; 
the mentioned items are considered as the indica-
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tors of injustice and lack of social development 
(9, 21, 22). About 88% of the total mortality from 
diarrhea are caused by unsafe drinking water, un-
healthy disposal of waste, improper personal hy-
giene (23). From 2005 to 2015, the number of 
DALYs caused by diarrhea reduced by 13.4% in 
the world attributed to improvement in sanitation 
and people’s access to safe drinking water (1).  
 
Limitations  
This study had some limitations, for instance, it 
used only the data obtained from the AWD sur-
veillance system to estimate the incidence, mor-
tality, and burden of the disease. The AWD sur-
veillance system is suffering from under-
reporting because it has a weak coverage for pa-
tients referring to private and semi-public health 
centers; moreover, it does not register the cases 




AWD is no longer a fatal disease and does not 
have a high burden in Iran, however, its burden, 
calculated on the basis of data from the disease 
surveillance system, is less than the expected val-
ue. In addition, the incidence of AWD had an 
ascending trend over the studied period. It may 
indicate an improvement in the diarrhea surveil-
lance system during this time period. However, 
since diseases like diarrhea can always be a poten-
tial threat in emergencies and disasters, it is rec-
ommended to strengthen and improve the sur-
veillance system for this disease in Iran. In addi-
tion, DALYs of diarrhea did not have an equal 
distribution across the country and between the 
provinces. The burden of this disease is particu-
larly higher in provinces with more unfavorable 
economic and social indicators. Hence, health 
authorities and policy-makers should shift the 
resources toward provinces where are the main 
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